Introduction
Colorectal cancer is one of the most common malignant solid tumors in Western countries as well as in Japan. With the exception of the lower rectum, most primary malignant colorectal tumors are adenocarcinoma, and the frequency of adenosquamous carcinoma of the colon and rectum is only approximately 0.1% [1] [2] [3] . The first case of colorectal adenosquamous carcinoma was reported by Herxheimer in 1907 and was described as a tumor with both adenocarcinoma and squamous cell carcinoma components [4] . So far, the ratio of adenocarcinoma and squamous cell carcinoma in the definition of adenosquamous carcinoma has not been established. Adenosquamous carcinoma of the colon and rectum is commonly located in the right colon and has a poor prognosis [5] .
The BRAF gene is one of the RAF genes that participate in the RAS-RAF signaling pathway which mediate cellular responses to growth signals [6] and frequently mutate in colorectal cancer as well as in melanoma [7] . BRAF V600E is an activating mutation that accounts for approximately 90% of all BRAF mutations observed in colorectal cancer [8, 9] . The prognosis of colorectal cancer with BRAF mutation is reportedly poor [10] .
So far, no reports have demonstrated the results of biomarker analysis of adenosquamous carcinoma of the colon and rectum. Here we describe an ascending colon adenosquamous carcinoma with BRAF V600E mutation.
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right abdominal pain. He had a past medical history of gastric cancer. Laboratory evaluation revealed anemia and hypoalbuminemia. The levels of carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), and squamous cell carcinoma antigen (SCC) were 488.2 U/ml (normal range, 0-37 U/ml), 8.7 ng/ml (normal range, 0-5.0 ng/ ml), and 9.5 ng/ml (normal range, 0.3-1.7), respectively. A colonoscopy showed circumferential narrowing of the ascending colon with deep ulceration (Fig. 1) . Biopsy was performed, and examination of the specimen demonstrated squamous cell carcinoma. Abdominal computed tomography demonstrated thickening of the wall of the ascending colon, multiple lymph node metastases, multiple liver metastases, and peritoneal dissemination.
A right hemicolectomy was performed. Pathological examination of the colon specimen revealed an ulcerative lesion with a distinct border, measuring 8.0 × 6.5 cm (Fig. 2) . The mass had invaded the retroperitoneal tissue, and lymphatic and venous invasion were observed. Five out of 46 lymph nodes contained metastatic tumor. Histological examination of the mass demonstrated mixed squamous cell carcinoma and adenocarcinoma, and the same finding was observed in the lymph nodes (Fig. 3a, b ). There were regions of intermediate morphology at the interface of the part of the squamous cell carcinoma and the part of adenocarcinoma. Immunohistochemistry (IHC) staining provided confirmatory evidence mixed phenotypes in these regions, and was positive for CK5/6 and p63 in the part of the squamous cell carcinoma (Fig. 3c, d ). The MIB-1 index was various values depending on the intra-tumor location, and it was approximately 80% at hot spot. The final pathological diagnosis was adenosquamous carcinoma, stage IVB (T4bN2aM1b) according to the 7th edition of the UICC TNM classification system.
Biomarker analysis showed a microsatellite stable, wildtype KRAS gene and BRAF V600E mutation (Fig. 4a) . On IHC staining, BRAF V600E mutation expression was found in both segments of adenocarcinoma and squamous cell carcinoma (Fig. 4b) .
Despite undergoing postoperative chemotherapy with FOLFOX and bevacizumab, the patient died 5 months postoperatively.
Discussion
To the best of our knowledge, this is the first report on ascending colon adenosquamous carcinoma with a BRAF V600E mutation. Positive immunostaining for both CK5/6 and p63 has been reported to be highly predictive of a primary tumor of squamous epithelial origin [11] . In our case, both CK5/6 and p63 were positive in the part of the squamous cell carcinoma. Adenosquamous carcinoma can develop in various organs, including the colon, pancreas, and lung. The frequencies of adenosquamous carcinoma are 2.0-4.0% in lung cancer [12] , 0.38-10% in pancreatic cancer [13] , and 0.1% in colorectal cancer.
The histogenesis of adenosquamous carcinoma remains unclear; however, there are several hypotheses, including (1) direct transformation of ectopic squamous cells in the colonic mucosa into squamous cell carcinoma, (2) transformation of uncommitted basal cells into squamous cells, (3) squamous metaplasia of glandular cells, and (4) squamous metaplasia of adenocarcinoma cells. In general, the fourth hypothesis has been supported [14] [15] [16] [17] .
In a review of Japanese patients with adenosquamous colon cancer, Yokoi et al. reported that 48% were female, 56% had right-sided colon cancer, 94% were T3 or more, 62% had lymph node metastasis, and 33% were stage IV [18] . Adenosquamous carcinoma has been reported to be aggressive and has been found at advanced stages in previous studies. In a review of 145 patients with adenosquamous carcinoma, Cagir et al. described the overall rates of regional metastases and distant metastases as 46.0 and 42.4%, respectively [1] . Masoomi et al. reported that the rate of distant metastasis of adenosquamous carcinoma was 35.3% compared with 13.9% for adenocarcinoma [2] . The prognosis of adenosquamous colon cancer is relatively poor. Previous reports have demonstrated that the 5-year survival rate of adenosquamous carcinoma was worse than that of adenocarcinoma. The 5-year survival rates of adenosquamous carcinoma and adenocarcinoma are approximately 30 and 50%, respectively [1, 2, 19] . Frizelle et al. reported that the prognosis of adenosquamous carcinoma was worse than that of adenocarcinoma in stage III or IV colorectal cancer but similar to that of adenocarcinoma in stage I or II colorectal cancer [5] .
In general, the primary treatment for colorectal adenosquamous carcinoma is surgical resection; however, so far, the standard chemotherapy for adenosquamous colon cancer has not been established because of its rarity. Chemotherapy with FOLFOX and bevacizumab was not at all effective in our case.
The BRAF V600E mutation is found in 5-10% of colorectal cancer and is associated with right-sided tumor, elderly patients, female patients, and microsatellite instability (MSI). Patients with colorectal cancer with BRAF V600E have a poor clinical response to standard chemotherapy, resulting in a poor prognosis. Recent reports have demonstrated the response of colorectal cancer with BRAF V600E to concurrent treatment with a BRAF inhibitor and anti-EGFR antibody. Yaeger et al. reported that the BRAF inhibitor vemurafenib combined with the anti-EGFR antibody panitumumab might be effective in patients with BRAF-mutant metastatic colorectal cancer [20] ; however, Fig. 3 Histologically, components of both adenocarcinoma and squamous cell carcinoma were found (a HE, b HE at high magnification). On IHC staining, CK5/6 and p63 were positive in the part of the squamous cell carcinoma (c CK5/6 and d p63) the response of adenosquamous colon cancer remains unknown.
Here, the tumor demonstrated microsatellite stability (MSS), whereas most colorectal cancers with BRAF V600E show MSI. In sporadic colorectal cancers, the BRAF mutation is observed in approximately 60% of high MSI tumors and only 5-10% of MSS tumors [7, 8, 21, 22] . BRAFmutated colorectal cancer with MSS has a worse prognosis than MSI [10] . Consequently, the poor prognosis might be due to not only BRAF V600E but also due to MSS.
In our case, because BRAF V600E was detected not only in the adenocarcinoma component, but also in the squamous cell carcinoma component, there may be a link between the morphological and genetic features in adenosquamous carcinoma. As previously stated, among the several existing hypotheses regarding the histogenesis of colorectal adenosquamous carcinoma, the hypothesis of squamous metaplasia of adenocarcinoma cells has been supported.
We identified the BRAF V600E mutation in adenosquamous colon cancer. This report may help in determining the nature of adenosquamous carcinoma of the colon and rectum and may lead to the establishment of an effective treatment for this cancer. Therefore, further analyses are required to define the carcinogenesis of adenosquamous carcinoma of the colon and rectum.
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